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14.0 NEICO STATE LEASES ML-21568 AND ML-21569

14.1 Introduction

This chapter contains information for an underground mining permit for
state leases ML-21568 and ML-21569 located in T16S-R6E-Sec2 and T15S-R6E-Sec36
SLBM respectively, by Genwal Coal Company Inc. (Genwal), jointly owned by Nevada
Electric Investment Company (NEICO) and Intermountain Power Agency (IPA) (Plate
2-1). A special use permit for a right-of-way (Chapter 13) to access these
contiguous state coal leases, from federal coal leases U0-54762 and SL-062648 has

been obtained from the Utah Division of 0il, Gas and Mining.

State leases ML-21568 and ML-21569 are 998 and 640 acres in size,

respectively. In-place coal reserves total 18 million tons, of which 8 million

tons will be recovered.

Mining of these two leases will not result in additional surface
structures. All work performed will be done underground. Access will be solely

via one set of presently existent portals in the Hiawatha coal seam located in
lease SL-062648.

An underground mine design for these two state leases appears in Plates 3-3
and 3-3A. Detailed discussions of the underground mine design and mining plans
are found in sections 14.6.1 and 14.3.2, respectively. Typical entry-ways are
20 feet wide. Lease ML-21568 contains 12 retreat panels, barrier pillars, a
north-south main (lst South), and a bleeder (2nd South). Barrier protection,
nine retreat panels, a main entry (Main North), as well as a north-south bleeder

(1st Right) have been designed in Lease ML-21569.

Information concluded from present drill hole information excludes the
possibility of multiple minable seams being present on either State Lease.
However, Genwal Coal Company will drill up holes from the Hiawatha Seam in lease
ML-21568 (Appendix 6-5). The up holes will be drilled up a maximum of 150’ in an
attempt to locate and evaluate the Blind Canyon and Bear seams to their potential

to be feasibly mined. The up holes will be drilled on one-half mile spacing in
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14.0 NEICO STATE LEASES ML-21568 AND ML-21569
14.1 Introduction

This chapter contains information for an underground mining permit for
state leases ML-21568 and ML-21569 located in T16S-R6E-Sec2 and T15S-R6E-Sec36
SLBM respectively, by Genwal Coal Company Inc. (Genwal), jointly owned by Nevada
Electric Investﬁent Company (NEICO) and Intermountain Power Agency (IPA) (Plate
2-1). A special ‘use permit for a right-of-way (Chapter 13) to access these
contiguous state coaiﬂleases, from federal coal leases U0-54762 and SL-062648 has

been obtained from thé\Utah Division of 0il, Gas and Mining.

Sﬁate leases ML-21568¢ and ML-21569 are 998 and 640 acres in size,
respectively. In-place coal reserves total 18 million tons, of which 8 million

tons will be recovered.

Mining of these two leases will not result in additional surface
structures. All work performed will be done underground. Access will be solely

via one set of presently existent portals in the Hiawatha coal seam located in
lease SL-062648. ‘

An underground mine design for these two state leases appears in Plate 3-3.
Detailed discussions of the underground mine design and mining plans are found
in sections 14.6.1 and 14.3.2, respectively. Typical entry-ways are 20 feet
wide. Lease ML-21568 contains 12 panels, barrier pillars, a north-south main,
and an east-west submain. Barrier protection, retfégt rooms, eight panels, a
main entry, as well as north-south and east-west subméips have been designed in

Lease ML-21569.

Information concluded from present drill hole infofhgtion excludes the
possibality of multiple minable seams being present on ei%hgr State Lease.
However, Genwal Coal Company will drill up holes from the Hiawatﬁa Seam in lease
ML-21568 (Appencix 6-5). The up holes will be drilled up a maximuﬁ“qf 150’ in an
attempt to locate and evaluate the Blind Canyon and Bear seams to the%fxpotential

to be feasably mined. The up holes will be drilled on one-half mile s;aging in
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the mains as they are being developed. Should in the unlikely event that a
minable seam be found above the Hiawatha seam, it will be evaluated for potential
mining prior to any second mining of the Hiawatha seam in lease ML-21568. Drill
hole information in lease ML- 21569 is completed and there is no indication of
any minable seams other than the Hiawatha. Therefore, no additional up holes are

planned for lease ML-21569.

A determination has been made that mining of State Leases ML-21568 and ML-
21569 in Crandall and Blind Canyons should not have an adverse impact on
environmental quality. Work in these leases will not effect any surface
features. Surface and groundwater should not be adversely effected in the permit
areas or adjacent areas. Fish and wildlife, human values (historical and

cultural), and vegetative resources should not be adversely impacted.
This document is organized similar to:

1) the Genwal Coal Company Mining and Reclamation Plan, Crandall
Canyon Mine, which was organized as suggested by the revised
guidelines issued November 3, 1980 by Byline C. Spencer of the
Utah Division of 0il, Gas and Mining (UDOGM), and

2) as suggested by the Utah Coal Mining and Reclamation
Regulatory Program's, Rules Pertaining to Underground Coal
Mining Activities, revised guidelines issued May, 1987 by the

Utah Division of 0il, Gas and Mining.
14.2 Legal, Financial, Compliance, and Related Information
Legal, financial, and compliance information contained in Sections 2.1
through 2.9 of the Crandall Canyon Mining and Reclamation Plan applies to state
leases ML-21568 and ML-21569. Additional information relating specifically to

the above mentioned leases is discussed in this chapter.

The proposed mining area lies in Utah State owned land. The legal owners

of the surface rights are listed below.
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United States Government

Administered by the United States
Department of Agriculture, Forest Service,
Intermountain Region

Manti-LaSal National Forest

599 West River Drive

Price, Utah 84501

Utah State Government

Administered by the State of Utah
Division of State Lands and Forestry
3 Triad Center, Suite 400

355 West North Temple

Salt Lake City, Utah 84180

Mineral lease agreement documents identifying Genwal Coal Company as the
leaseholder. of Utah State Leases ML-21568 and ML-21569 are found in Appendix 14-
1.

The applicant is applying for a five year permit, commencing from the date
of approval. Operations will continue longer than five years if the coal becomes
available. Genwal will commit to comply with Utah Coal Mining Regulations R645-
301-515.300, R645-301-515.311, and R645-301-515.321 during episodes of temporary

and permanent cessation of operations as outlined in Section 3.5.3.

Effluent limitations and monitoring requirements are contained in the

current NPDES permit (Appendix 3-8).

Violations cited by the Utah Division of 0il, Gas and Mining that occurred
from 1982 through 1987 are found in Appendix 2-2. Violations that occurred
during 1988 are listed in Tables 1 and 2 of Appendix 13-2. Mining violations
that have occurred in 1990 are found in Table 14-1 (Appendix 14-2).

Newspaper advertisements (Appendix 14-3), in compliance with UMC 786.11(a)
requirements, will be published in a local newspaper at least once a week for a

period of four consecutive weeks.

14.3 Operation and Reclamation Plan
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14.3.1 Surface Facilities/Construction Plans. No additional portals,
surface buildings, or surface structures will be built as a result of mining in
state leases ML-21568 and ML-21569.

Coal handling, processing, preparation, and storage operations to be
implemented are identical to those currently in operation and permitted (Sectiom
3.2.4).

Power, water, and sewage systems to be used are those currently permitted

and in-place (Sections 3.2.5, 3.2.6, and 3.2.7).

14.3.2 Operation Plan. Operation plans to be implemented are identical

to those presently permitted/approved and in use (Section 3.3).

14.3.2.1 Mining Plans.

14.3.2.1.1 Projected Development of State Leases ML-21568 and
ML-21569. An underground mine design has been developed and appears in Plate 3-
3. Mined areas within both leases are bordered by 100 foot wide barrier pillars.
Typical entry-ways are 20 feet wide. Typical pillars are 55 feet wide and 100
feet long, with 75 by 120 foot centers.

Mining will commence with lease ML-21569, and be followed by lease ML-
21568. Five entries comprising "west mains" have been designed as a westward
extension of the right-of-way into lease ML-21569. West mains extend to within
100 feet of the western edge of lease ML-21569. Four entries comprise both a
north-south submain named Main North, and a bleeder called 1lst Right. Nine
retreat panels, and barrier protection are accessed via lst Right and Main North.

Pilar height (thickness of coal seam) ranges from about 5.5 to 10 feet.

Lease ML-21568 is to be accessed five entries which extend southward from
West Mains along the eastern edge of the lease. Five entries, running east-west,
extend to the western edge of lease ML-21568, and access 12 panels.

An incidental boundary change (ICB) of 50 acres is included in the North
West corner of ML-21569. The ICB is for potential surface effects of mining
only. No underground mining will take place within this ICB. A Forest Service

Special use permit is in effect for this area.
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14.3.1 Surface Facilities/Construction Plans. No additional portals,
surface buildings, or surface structures will be built as a result of mining in

state leases ML-21568 and ML-21569.

Co handling, processing, preparation, and storage operations to be
implementeﬁ\ife identical to those currently in operation and permitted (Section

3.2.4).

N
",

Power, w;éé;, and sewage systems to be used are those currently permitted
and in-place (Secthons 3.2.5, 3.2.6, and 3.2.7).

14.3.2 Operatiom\ Plan. Operation plans to be implemented are identical
to those presently permitted/approved and in use (Section 3.3).

14.3.2.1 Mining Plans.

14.3.2.1.1 Projected Development of State Leases ML-21568 and
ML-21569. An underground mine design has been developed and appears in Plate 3-
3. Mined areas within both leases are bé{dered.by 100 foot wide barrier pillars.
Typical entry-ways are 20 feet wide. Tyﬁ%cal pillars are 55 feet wide and 100
feet long, with 75 by 120 foot centers.

Mining will commence with lease ML-ZISé , and be followed by lease ML-
21568. Five entries comprising "west mains" have been designed as a westward
extension of the right-of-way into lease ML-21569.%\ West mains extend to within
100 feet of the western edge of lease ML-21569. Foyr entries comprise both a
north-south submain named Main North, and an east-west) submain called 5% West.
Eight panels, retreat rooms, and barrier protection are agcessed via 5" West and

Main North. Pilar height (thickness of coal seam) ranges%{fom about 5.5 to 10

feet. 3\

',
k'

Lease ML-21568 is to be accessed five entries which ext;;q southward from

West Mains along the eastern edge of the lease. Five entries, runﬁing east-west,
Y

extend to the western edge of lease ML-21568, and access 12 panelgx\
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A discussion of coal pillar and roof span design is found in Section

14.6.1.
14.3.2,1.2 Retreat Mining.

Retreat mining in lease ML-21569 will start with the first left panel,
progress to the south terminating with the 9®® left panel. The bleeder and main
North will not be retreat mined. In lease ML-21568 retreat mining will commence
with panels 15* right, progress to the North and end with the 12th right panel.
The east-west submain will be retreat mined. The north-south submain bleeder

will not be retreat mined.

Retreat mining will be limited to 50% extraction within a 20 degree angle-
of-draw from the perennial stream channels until either the United States Forest
Service grants permission to subside perennial streams, or until geotechnical
data is provided by Genwal supporting use of a lesser angle-of-draw, and/or
indicating that mine subsidence will have no surface effects. Total retreat
mining will not occur beneath the stream channel buffer zones until Genwal has
1) delineated those portions of the stream reaches within the state leases which
have perennial flow, (Table 14-4) and 2) shown that these reaches will not be
adversely effected by mining activity (Plate 3-3). A 20 degree angle-of-draw was

used to delineate the stream channel buffer zones.

Conclusion drawn by the BIM and from TerraTek Inc. support the 20 degree

angle of draw and estimate the amount of maximum subsidence (Appendix 14-19).

14.3.2.2 Waste Disposal Plans. Waste disposal methods to be used

are identical to those currently permitted/approved and in practice (Section
3.3.9).

The method of mining used at the Crandall Canyon Mine results in no
development waste. Any rock waste resulting from unexpected roof falls and
overcasts is not brought to the surface, but is disposed of along pillar lines
or stored in areas that have not been retreat mined and that are not to be

retreat mined. The material disposed of along the pillar lines is identical to
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A discussion of coal pillar and roof span design is found in Section
14.6.1.

14.3.2.1.2 Retreat Mining.
\\"

Retreat\mining in lease ML-21569 will start with the first right panel,
progress eastwerd terminating with the 8% right panel. Submains 5% West and
main North will ﬁet be retreat mined. In lease ML-21568 retreat mining will
commence with paneié\ll“‘right, progress eastward and end with the first right
panel. The east-west: submain will be retreat mined. The north-south submain

AN
will not be retreat mined.

Retreat mining will bev11m1ted to 50% extraction within a 20 degree angle-
of- draw from the perennial stream channels until either the United States Forest
Service grants permission to sub31de perennial streams, or until geotechnical
data is provided by Genwal supﬁbtting use of a lesser angle-of-draw, and/or
indicating that mine subsidence wfll have no surface effects. Total retreat
mining will not occur beneath the stfeam channel buffer zones until Genwal has
1) delineated those portions of the stream reaches within the state leases which
have perennial flow, (Table 14-4) and 2) shown that these reaches will not be
adversely effected by mining activity (Plate 3-3). A 20 degree angle-of-draw was
used to delineate the stream channel buffer ignes.

\ ‘

Conclusion drawn by the BIM and from Terrerek Inc. support the 20 degree

angle of draw and estimate the amount of maximum ehbsidence (Appendix 14-19).

14.3.2.2 Waste Disposal Plans. Waste dlsposal methods to be used

are identical to those currently permitted/approved and 1n practice (Section
3.3.9). -

The method of mining used at the Crandall Canyon Mine results in no
development waste. Any rock waste resulting from unexpected roof falls and
overcasts is not brought to the surface, but is disposed of along pillar lines
or stored in areas that have not been retreat mined and that are ebt to be

retreat mined. The material disposed of along the pillar lines is identical to
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that which naturally caves in during retreat mining, therefore no leachate will
be formed other than that associated with normal pillaring. All disposal of this

rock waste will be done in compliance with MSHA regulations.

No processing waste is generated at the Crandall Canyon Mine. There exist
no partings in the coal mined at the Crandall Canyon Mine. The sole rock type

removed from the mine is coal, all of which is trucked off site and sold.

Exploratory drill hole data and mining conditions indicate that no
development or processing waste will be produced. However, in the unlikely event
either rock, development and/or processing waste is encountered, and the volume
of waste generated exceeds the capacity that can be disposed of along pillar
lines, Genwal commits to disposing of the waste in a DOGM licensed disposal
facility. Genwal will notify and consult with DOGM regarding disposal sites. All
disposal operations will be in compliance with Utah Coal Mining Regulations R645-
301-536 and R645-301-746.

Sediment pond waste (excess spoil) removed from the pond during cleaning
operations will be either 1) returned to the mine workings and disposed of in
compliance with MSHA regulations, or 2) hauled directly to a DOGM licensed coal
waste disposal facility. Prior to cleaning the sediment pond, representative
samples of the sediment will be collected and analyzed for any acid- and/or
toxic-forming materials, and the volume of excess spoil to be disposed of will
be calculated. If the analytical results exceed the toxic limit, the waste
material will be handled and disposed of in compliance with regulations
applicable to acid- and/or toxic-forming materials. Following receipt of the
analytical results and determining the volume of waste to be disposed of, and
prior to cleaning of the sedimentation pond and disposal of the excess spoil,
Genwal commits to notifying and consulting with DOGM regarding disposal of the
waste 60 days prior to disposal. Disposal of excess spoil will be in compliance
with Utah Coal Mining Regulations R645-301-535.100. All moisture and runoff from
the pond cleaning will be contained in the pond to minimize runoff and
infiltration to the groundwater system, and other environmental damage. Acid-
and/or toxic-forming materials will only be disposed of at a facility permitted

to accept the specific contaminants present.
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Solid waste generated by normal mining activities which include but are not

. limited to wood, paper, scrap metal and belting, etc., will be disposed of
underground along pillar lines in accordance with MSHA regulations. If
sufficient space underground is not available solid waste will be brought to the
surface and disposed of in a trash container and transported to a state approved

landfill for final disposal.

Scrap metal and used equipment will be stored underground or on the surface
next to the solid waste container until the material is sold to a scrap metal or

used equipment dealer.

0il contaminated soil from the gas and oil storage area will be removed
prior to reclamation or moving of the facility, and disposed of at an approved
disposal facility licensed to accept oil/gas contaminated soil. Contaminated
soil will be cleaned and disposed of when an area of ten square feet is

saturated.

In the unlikely event toxic or hazardous waste is encountered, Genwal will

' notify and consult with the Division of 0il, Gas, and Mining, as well as- the
State Health Department; the hazardous or toxic material(s) will be disposed of

at a facility permitted to accept the specific.contaminants found. No toxic or
hazardous substances will be disposed of at a facility not licensed to dispose

of the contaminants encountered.
14.3.3 Environmental Protection.
14.3.3.1 Protection of Vegetative Resources.
14.3.3.1.1 Projected Impacts of Mining on Vegetative
Resources. Since there are to be no new mine openings, surface structures, or

subsidence (Section 14.6.2.1), no impact on vegetative resources is projected.

14.3.3.1.2 Monitoring Procedures. Mapping of the vegetation
in T15S-R6E-Sec36 and T16S-R6E-Sec2, as well as in the immediate surrounding
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environs, was accomplished in detail. Color aerial photographs were taken and
used in the field to ground check vegetation types, and as mapping guides in the
lab. The area was mapped by walking a portion of the area while mapping the
vegetation types directly on the aerial photographs. The aerial photographs were
then used to interpolate vegetation communities in areas not negotiated by foot.
Helicopter surveys were conducted to enhance mapping of the major vegetation
patterns. Vegetation data was then transferred to topographic maps. Plates 14.2
and 14.3 are vegetation maps of T155-R6E-Sec36 and T16S-R6E-Sec2, respectively.
Plate 14.4 is a general vegetation map of the areas adjacent to these two

sections.

14.3.3.2 Protection of Fish and Wildlife.

14.3.3.2.1 Projected Impacts of Mining on Fish and Wildlife.
Since no surface disturbance is anticipated, no impact on fish and wildlife
should occur. Larry Dalton, Division of Wildlife Resources, conducted an
inventory of T1l6S-R6E-Sec2 and T15S-R6E-Sec36 on September 29, 1989 which
revealed no raptor cliff nests. The area is of poor quality for cliff nesting

raptors (Appendix 13-3).

14.3.3.2.2 Mitigating Measure to be Employed to Protect Fish
and Wildlife. Genwal recognizes that the Division of Wildlife Resources and the
Utah Division of 0il, Gas & Mining regard all seeps and springs to be important
to wildlife. Should any seeps and springs become affected (flow decreased by 50%
or more) by mining activity in state leases ML-21568 and ML-21569, Genwal will
notify the appropriate agencies and an acceptable mitigation plan will be
developed as discussed in Section 3.4.6.2. Effluent limitations set forth in the

NPDES Permit regulations (Appendix 3-8) will be complied with.

14.3.3.2.3 Monitoring Procedures. The applicant has committed
to report to the regulatory authority the presence of any threatened or
endangered species in the area. In the event any threatened or endangered
species is observed to move into state lease ML-21568 or ML-21569, Genwal will

notify the appropriate agencies and acceptable monitoring and mitigation plans
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will be developed. Genwal is committed to complying with all monitoring
. requirements established in the NPDES Permit (Appendix 3-8).

14.3.3.3 Protection of Human Values.

14.3.3.3.1 Projected Impacts of Mining on Human Values,
Historical and Cultural. A letter dated November 27, 1989 from James Dykman,

Division of State History states:

"no prehistoric or historic sites have been recorded within the
project area because no cultural resource surveys have been conducted.
However, such sites may well exist in the project area." (Appendix 14-4).

A cultural resource survey was conducted in October 1988 by Les Wilke,
Archeologist, Manti-LaSal National Forest (Appendix 5-6), in permit areas UO-

54762 and a portion of SL-062648. Wilke found no cultural resources in the most-

likely locations, and concluded that the remainder of the lease areas should have

no cultural resources. Cultural resources present in the region generally lie

. near canyon bottoms adjacent to stream beds (Section 5). The majority of the
area within leases ML-21568 and ML-21569 lie above stream beds. Therefore,

Genwal determines there is at best only a low potential for historical resources

existing in these two state leases.

As a result of: 1) the low potential for historical resources existing in
leases ML-21568 and ML-21569, and 2) no anticipated surface disturbance, Genwal
has determined that no impact on possible human value sites should occur.
Consequently, there is insufficient evidence to warrant a field survey to

identify possible historic sites in these two leases.
14.3.4 Reclamation Plan.
14.3.4.1 Sealing of Mine Openings.
No new portals to the surface will result from mining of leases ML-21568

and ML-21569. Currently, only one exploration borehole, DH-7 (NVP-7), intersects
. the proposed mined area (Figures 13-5 and 13-6). Well DH-7 was abandoned in
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compliance with UMC regulations. Any future wells that intersect the proposed
mined area will be abandoned in compliance with R645-301-631, R645-301-631.100,
and R645-301-631.200 regulations.

14.4 Geology

14.4.1 Regional Geology and Geology of Leases ML-21568 and ML-21569. A
detailed discussion of the regional geologic framework, and the geology
(stratigraphy and structure) present at the Crandall Canyon Mine appears in
Chapter 6. Stratigraphic sections, geologic maps, drilling results, and
geochemical results are also found in Chapter 6. A lithologic log of the strata
(North Horn, Price River, Castlegate, Blackhawk, and Star Point Formations)

encountered in exploration well DH-7 (confidential) appears in Appendix 14-5.

The geologic conditions (stratigraphy, lithology, and structure) present
at the Crandall Canyon mine are very similar to those present at the Trail

Mountain Mine located only ten miles to the south and reported by Lines (1985).

The coal-bearing unit at both mines is the Upper Cretaceous Blackhawk
Formation. The Blackhawk Formation is composed of grey sandstome, siltstone,
shale, and coal; it is composed of about 50% fine-grained sandstone at both
mines, and is present in roughly equal thicknesses (650 to 1000 feet at Crandall
Canyon, and 800 to 1100 feet at Trail Mountain)(Lines, 1985; Chapter 6; Appendix
14-5). The Hiawatha coal bed is the thickest coal bed present at both mines (up
to 12 feet at Trail Mountain, and 10 feet at Crandall Canyon), and is found near

the base of the Blackhawk (Lines, 1985; Appendix 14-5).

The Upper Cretaceous Star Point Formation of Cretaceous age underlies the
Blackhawk Formation at both mines. It is predominately composed of massive tan
medium-grained sandstone with minor interbeds of shale and siltstone near its
base. This formation outcrops east of the Crandall Canyon Mine and reaches a
thickness of 350 to 450 feet. At the southeast end of Trail Mountain, where the

Star Point is exposed, it is about 500 feet thick (Lines, 1985). This formation
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S

‘ . is of significance since it and the saturated portions of the Blackhawk Formation
\

comprise a regional aquifer present at both mine sites.

The Upper Cretaceous Castlegate Formation overlies the Blackhawk Formation
and is dominated by massive tan medium-grained massive sandstone. It has a
thickness of about 170 to 200 feet at Trail Mountain, and is 250 feet thick at
Crandall Canyon (Lines, 1985; Appendix 14-5).

The Castlegate is overlain by the Upper Cretaceous Price River Formation,
a grey medium- to coarse-grained sandstone interbedded with several thin shale
beds at both mine sites. The Price River is about 700 feet thick at the Trail
Mountain Mine (Lines, 1985), and is about 600 feet thick at the Crandall Canyon
Mine (Appendix 14-5).

Overlying the Castlegate is the North Horn Formation of Upper Cretaceous
and Tertiary age. It is composed of interbedded shales, siltstones, sandstones,
and limestones. At the Trail Mountain mine it reaches a thickness of about 1000
feet, thickness of only several hundred feet are present at Genwal due to

. erosion. The North Horn Formation caps the mountain ridges in the Crandall
Canyon area, and serves as a recharge unit to underlying formations as well as
supplying water to springs within the formation. |

The Joes Valley fault breaks the continuity of these geologic units at both
the Trail Mountain and Crandall Canyon Mines. The Joes Valley fault lies along
the west edge of Trail Mountain, and along the west edge of East Mountain at the
Crandall Canyon Mine (Davis and Doelling, 1977). The Joes Valley fault forms the
eastern fault boundary of a graben about 2 miles wide, that extends both north
and south of both mines (Davis and Doelling, 1977). Davis and Doelling (1977)
estimate approximately 2300 feet of vertical displacement along the fault in this
area. Stratigraphic dip at both mine sites is very small, only about 2 to 3
degrees (Lines, 1985; Section 14.5.1.4).

14.4.2 Rock Characteristics of Coal and Adjacent Units. Chemical
analyses of the coal seam, and the strata immediately above and below in the
areas that have been mined and that are currently being mined have been conducted

(Sections 6.3, 6.4, 6.4.1, 6.4.2, 6.5.5.2, and Appendix 6-2).
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Geochemical analyses of State Leases ML-21568 and ML-21569 will be
conducted in compliance with the UDOGM'’s Guidelines For Underground and Surface
Coal Mining, revised April, 1988. The following analyses of the Hiawatha coal
seam and the immediate over- and underlying strata will be conducted: Ph,
electrical conductivity, particle size (texture), sodium absorption ratio, non-
sulfate sulfur percent, selenium, total N, boron, maximum acid and neutralization
potentials, organic carbon, as well as soluble Ca, Mg, and Na. Specific sample
analysis methods suggested in Table 6 of the above referenced UDOGM guideline
will be utilized. Samples will be collected and analyses run at the time of
commencement of mining operations, as lithologic/hydrologic conditions change

during mining operations, and as directed by the UDOGM.

14.4.3 Geologic Effects On Mining. Discussions of mining hazards, surface

hazards, and impacts of mining appear in Section 6.6.

14.5 Hydrology
14.5.1 Groundwater Hydrology.

14,5.1.1 Methodology and Regional Groundwater Hydrology. Seep and
spring survey methodology, and the regional groundwater hydrology are outlined

in Sections 7.1.1 and 7.1.2.1 respectively.

14.5.1.2 State Leases ML-21568 and ML-21569 Plan Area Aquifers.
Hydrologic characteristics of the North Horn, Price River, Castlegate, and
Blackhawk Formations are reviewed in Section 7.1.2.2. Locations of seeps and
springs monitored during 1985, 1987, 1989, and 1990 are shown in Figure 14-2:
The geologic occurrence and use of seeps and springs is found in Appendix 14-6.
Flow rate and temperature measurements appear in Appendix 14-7. Specific
conductivity and Ph measurements are found in Appendices 14-8 and 14-9,

respectively. Field water-quality measurements are summarized in Appendix 14-10.

Approximately 60% of all the seeps and springs found during the early-

season surveys had flows of one gallon per minute or less (Appendix 14-7). These
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flows typically decreased by the time of the late-season surveys, with most of
the low-flow sources issuing only as seeps or being dry. The majority of seeps
and springs issue from bedding planes separating porous sandstones or fractured

zones from underlying low-permeability siltstone and shale beds.

The occurrence of groundwater at Trail Mountain (Lines, 1985) is very
similar to that at Crandall Canyon. The major water bearing unit at both mines
is the regional Blackhawk-Starpoint aquifer. The Trail Mountain Mine is overlain
by perched aquifers in the Blackhawk, Castlegate, Price River, and North Horn
Formations; these perched aquifers are separated by unsaturated zones (Lines,
1985). Seep and spring survey results at Crandall Creek also reveal the presence
of perched aquifers in the same formations. As at Trail Mountain, this perching
occurs where more-permeable strata overlie less-permeable strata (Lines, 1985;

Appendix 14-6).

The distribution of seeps and springs among the formations present at both
the Trail Mountain (Lines, 1985) and Crandall Canyon (Appendix 14-6) mines is
very similar. At both mines the largest percentage of seeps and springs are
found in the North Horn and Price Rivér Formations. In the Crandall Canyon Mine
area 40% of all seeps and springs emit from the North Horn Formation, and 42%
emit from the Price River Formation. At Trail Mountain, 55% of all seeps and
springs are found in the North Horn, and 29% are present in the Price River
Formation. The Blackhawk Formation accounts for only 12% of the seeps and
springs at Crandall Canyon, and only 7% at Trail Mountain. Similarly, in both
mine areas the smallest percentage of seeps and springs are found in the
Castlegate Formation; only 9% were found emitting from the Castlegate at Trail
mountain, and only 6% were found at Crandall Canyon. The relative percentage of
seeps and springs found at the Crandall Canyon mine are corrected for those
monitored in the alluvial valley floor deposits - principally Joes Valley Fault

Graben.

The low flow rates from most of the seeps and springs emitting from the
Blackhawk Formation (Appendices 14-6 and 14-7) result from the low hydraulic
conductivity of the formation where it remains unfractured. Laboratory
permeability data from a core sample taken in T17S-R6E-Sec27 at Trail Mountain

indicate an average horizontal hydraulic conductivity of 1.3x1072 feet per day,
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and an average vertical hydraulic conductivity of 3.8x1073 feet per day for
sandstone units of the Blackhawk Formation (Lines, 1985). Shale and siltstone
samples of the Blackhawk Formation have maximum horizontal and vertical hydraulic
conductivities of only 1.0x1077 and 1.2x10°% feet per day, respectively (Lines,
1985). These low hydraulic conductivities of the shales and siltstones indicate
that these finer-grained sediments within the Blackhawk serve as barriers to the
downward migration of water. As a result, water recharge into the Blackhawk,
either from adjacent formations, snow melt, or rainfall, is allowed to percolate
vertically through sandstone beds until a siltstone/shale bed is encountered at
which time the water is forced to travel laterally along the bedding plane to the
surface. Similarly, the majority of the seeps and springs in the Castlegate,
Star Point and North Horn Formations observed in the field surveys in Crandall
Canyon also issue from bedding planes. Due to the presence of these vertical
permeability barriers, the aquifers in the North Horn, Price River, Castlegate,
as well as in the upper portions of the Blackhawk Formations are perched, with
no direct communication to the underlying regional Blackhawk-Star Point aquifer.
Consequently, dewatering of the Blackhawk-Star Point aquifer resulting from
mining the Hiawatha Coal of the Blackhawk Formation has little potential of

affecting seeps and springs in the area (Lines, 1985).

All seeps and springs in T15S-R6E-Sec36 (Lease ML-21569), as well as those
in surrounding sections, to the west in T15S-R6E-Sec35, east in T15S-R7E-Sec3l,
north in T15S-R6E-Sec25, and northwest in T15S-R6E-Sec26 (Figure 14-2),
principally drain aquifers in the North Horn and Price River Formations (Appendix
14-6). These aquifers lie 470 to 2410 feet above the top of the Hiawatha Coal
Seam, are found along bedding planes and appear perched with no direct hydraulic
connection to the potential mine workings in the Hiawatha coal bed. As a result,
mine dewatering is anticipated to have minimal, if any affects on these seeps and

springs.

Similarly, seeps and springs in T16S-6E-Sec2 (Lease ML-21568), as well as
those in surrounding sections, to the south in T16S-R6E-Secll, and to the
southeast in T16S-R6E-Secl2 (Appendix 14-6), drain aquifers in the North Horn and
Price River Formations. These perched aquifers lie 1380 to 2150 feet above the
top of the Hiawatha Coal Seam, and do not appear to be in hydraulic communication

with the potential mine workings in the Hiawatha. Hence, there exists only a
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minimal likelihood that these seeps and springs would be affected by mine

. dewatering.

Seeps and springs east of lease ML-21568, in T16S-R6E-Secl (Figure 14-2),
emit water from the Blackhawk Formation (Appendix 14-6). The elevations of these
seeps and springs lie 420 to 700 feet above the potentiometric surface of the
regional Blackhawk-Star Point aquifer. These seeps and springs appear to also
be discharging from perched aquifers. With no direct communication to the
underlying regional aquifer these water sources should not be affected by mine

dewatering.

Seeps and springs to the northwest of Lease ML-21568 in T15S-R6E-Sec34, to

the west in T16S-R6E-Sec3, and to the southwest in T16S-R6E-SeclO (Figure 14-2),
discharge from the North Horn Formation, or alluvium covering the North Horn
Formation in Little Joes Valley. In contrast to other seeps and springs in the

study area, flows from these water sources increased substantially between the

July and October 1987 surveys (Appendix 14-7). This anomalous water flow trend

is attributed to three factors. First, recharge from the Joes Valley Fault Zone.

. These water sources lie in a linear frend parallel to the fault zone, directly
k along or to the west of Indian Creek which also follows the trace of the fault
zone, Secondly, recharge from water in the colluvium and alluvium on the west-

facing slope of East Mountain flows downhill toward Little Joes Valley and
discharges into the valley alluvium. The relatively late arrival of this water

is due to the lag time as this snow melt-derived water travels through the soil

to the valley floor. Thirdly, these seeps and springs in Little Joes Valley lie

in a different drainage basin than those in the rest of the study area, a
drainage basin which is displaying a cohtrasting flow pattern to that present in

the Huntington Creek tributaries on the east-facing slopes of East Mountain.

14.5.1.3 Groundwater Development and Mine Dewatering.

14.5.1.3.1 Water Supply. Table 14-2 contains a listing of
groundwater rights (and their associated seeps and springs) in and adjacent to

State Leases ML-21568 and ML-21569. This data was obtained from the files of the
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Utah Division of Water Rights in June 1990. More in-depth information concerning
these rights is contained in Appendix 14-11. Locations of these water rights are
denoted in Figure 14-3. Table 14-2 also shows what groundwater right corresponds

to the seeps and springs observed in the field inventories.

No sign of current use by stock animals has been observed during the seep
and spring inventories. Apparently, the use of these water rights has been

curtailed.

14.5.1.3.2 Mine Dewatering. Present inflow into all of the
Crandall Canyon mine workings total no more than 100 gallons per minute. The
vast majority of this inflow is occurring in the old mine workings (Leases UO-
54762 and SL-062648). Only negligible mine inflow has been encountered in the

right-of-way and State Lease ML-21569. Currentl water used in mining

operations €ing pumped to State Lease SL-21569 from

workingsf All inflow water is used in underground mining operatio
eration on Groundwater. Mine
dewatering (resulting in removal of water from the aquifers) is the primary
mechanism by which the groundwater system may be impacted. As previously stated,
it is believed that the water emitting from seeps and springs in State Leases ML-
21568 and ML-21569, as well as in the surrounding areas, originate from perched
aquifers with no direct communication with the regional Blackhawk-Star Point
aquifer. Thus, dewatering resulting from mining the Hiawatha Coal of the
Blackhawk Formation has little potential for impact. This observation is in

agreement with conditions present at Trail Mountain as reported by Lines (1985).

As previously stated, average horizontal and vertical hydraulic
conductivities of 1.3x1072 and 3.8x107® feet per day, respectively, are present
in sandstones of the Blackhawk Formation (Lines, 1985). Blackhawk shales and
siltstones have maximum horizontal and vertical hydraulic conductivities of
1.0x1077 and 1.2x107% feet per day, respectively (Lines, 1985). Lines (1985) also
reports maximum horizontal and vertical hydraulic conductivities for the Star

Point Sandstone of 3.1x1072 and 1.1x107? feet per day, respectively.

14-17 Revised 04/09/92




S putrads og ades o3 IZ Bunr ae3emxo03s (o)1T0° *Ag®s 3s@xod SNl SLGST~-C6

I putads oz 3des o3 Tg aung I193BMXD03S (o)TTO” *Ax®g 3s9a0d SN YLGT-E6
SRR putads o0¢ 3Ides o3 TZ Bunrp I93eMID03S (o)TTO0" *Adds 3sa10d ‘SN ELGT~E6
N putads o¢ 3des o3 Iz aunr I93eMN003S (o)Tt0° *AI9g 3saa0d4 SN ZLST-€6
G-- & putads o€ adas o3 T Afnr 193BM}D03S (q)tTO0* *AZ@g 38304 ‘sS'n OTvI-té
€-I3 butads gz adas o3 9 Anp as3emyo013s (e)T10° ‘A9 3s2aod SN 60VI-€6
Ly =25 putads gz adss 03 9 Alnr umumzxooum_..ﬁmvaao. *AJ®3S 3592304 °"S°'N BOYTI-€6
Vet putads gz ades o3 9 Arnr a93emD03S (e)TTO"® ‘Axas 3sa@od "S°N LoYT-€6

' ©

T o putads gz adsas o3 9 Alnr as3eMmyo03s (e)T10° *Ax9S 3s@104 SN 90VT-€6 -

L 4

—2 3 putads gz ades o3 9 Arnr I93emMid03s (e)TTO0" *AI9S 3s310d *S°N vovYI1-€6 B
T putads gz adas o3 9 Arnp I93eM)D03S (e)TTO0°” *AI®S 3s8103 °S°MN EOVI-€6
-1 &5 putads gz ades o3 9 Alnr a93emyo03Ss (e)gt0° *Ax®s 358104 *S°N 9LTI~€6
N putads gz ades o1 9 Ainr I93em3003S (e)T10° *AJ9S 3s3I04 *S°N p29-£6
on : JusW3IOTIV *ON
mr....xdm 20anos asn jo potasad asn juteid JoUMO uterd
/dn2s : [s30] motd ‘N°M

ue ! - sesay jusoelpv
pue ueld 69GTIZ-TW Pu® 89GTZ-IW SeseaT 83e35 ODTISN UT sqyHTI asjEeMpuUnoId cz-bT ITAVL




o1 & putads oz 3das o3 Tz aung J93eMyD03S (o)1TO" -AI9S 23sea10d *S°Nn 68ST-€6

(-1 & purads o¢ 3des o3 Tz aung I93eM}D03S (o)1t0° *AI9S 3S3I04 °S'N 8851-L6
-1 & putads o¢ 3des 03 Tz Bunr a93'MYDO03S (0)1T0° *AI9S 3S9304 °"S°N  L8SI-€6
i & putads oz 3des o3 Tz aung I93eM)D03S (o)110° ‘AZDS 3S930Jd °*S°N 98G6T-€6
o1 & putads o¢ 3des 03 TZ 3ung A33BMHDOIS (o)110° ‘AI9S 23S9@304 *S°N G8ST-€6
g-1 & putads og¢ 3dss o3 1z s|ung a93eMyO035 (o)110° *Al@S 3s8104 °"S°N  v8SI-€6
&1 & purads oz 23dss o3 1g aunr asjemyoo3s  (9)110° *AI®S 3sSd@10d °S°N £8GT-€6
-1 & putads og 3des o3 Tg aunp 193BM}D03S (o)tt0° *AI9§ 3saaod *S°N Z8s1-¢€6
£-1 & putads oc¢ ades o3 TZ 8ung 193eM%003S (o)T10° .>umm_ummuom ‘s*n  1851-€6 M
il &6 puradg og 3des 03 Tz aung I93BMYD03S (o)t10° *AI9S 3s8304 SN 08STI-€6 =
a1 & butads og 3des o3 Tz aung I93eM3{003S (o)t10° *AI®S 3IS8I0d ‘Sl 6LST-C6
-1 &8 putads o¢ 3des o3 Tz Bunp as3emyo03s (o)1T0° *AI®S 3$8304 "S°N 8LST-€6
1€-1 L putads oc¢ 3des 03 TZ Bung a93eM{D01S (0)tt0° *AJ3S 38304 °"5°N LLST~-C6
c-¢ Js butads og 3ades o3 1z aung a93eM}203S (o)1t0° *AI9S 3S8I0J SN 9LSTI-€6
“oN . - JuawloTTV "oN
frrrads 20anosg @sn Jo potaad asn /utetd asumo uterd
[daes - [s30] Mota . ‘n°M

o seaay jusoelpy
pue ‘uvid 695TZ~1W PU® 89GTZ-TW Sosea] ©3E35 ODTEN UT s3ybra aejempunoan - (-3uod) z-¥T a1qel




punoj 30N  JN
JuaW3OTIV ASTIRA S90L UO £L9T-£6 ONM aybta xe3em jo 3xed (p)
quUBW3OTTVY UTBIUNOW TTeIL U0 88ST-£6 ONM aubtx 3saem jo 3xed (9)
quswiloTTV 2H6pTY TTepuURID UO g6T-€6 ONM 3ubta asaem 3Jo 3aed (q)
qusuw3oTIV uoAued TlepueId uo 60viI- pue 'govT 'LOVI- ‘90%TI- 'VOVI-
'cor1- '9LT1- '€29- '909- ‘c8Y- ‘8LE- '9EC- ‘16T~ ‘€8T~ 'GLTI-£6 ONM s3ybrta ae3en Jo Jaed (e)

L~2 ds putads o¢ ades o3 9 sung a83eMYD03S (p)tTO° .>umm.ummuom *s°n yvy91-€6
o-7 Js putads og¢ ades o3 9 aung umumzxuowm (p)itOo" *Ax8s 3saaod °‘S°N £EY91-£€6 %
- &S putrads og¢ 3ades o3 9 Iung J93eM}D03S (p)1t0° *Ax9S 3se@10d SN TY9TI-€6 =
4N putads  o¢ 3des o3 9 dunp I33eM)D03S (p)TTO0° *AZ2S 3sa@104 *"S°'n T¥9T-E6
N purads o0¢ ades o3 9 aunp I93eMYD03S (p)T10°” ‘Ax95 39104 °S°'Nl 0V9T-€6
N butads o¢ ades o3 9 aung a93eM)D03S (p)t10° *AJ®S 3sax0d °S'N 6£9T-€6
"ON . © 3ULWIOTTY *oN
hﬁ.ﬁgm 2oanos @sn jo potasd asn /urerd o =147, Yo wurteilo
/daes ) [s30] motd ‘n°M

. s seaavy jusoevlpy
pue ‘ueld 696Tc-"TW PU® B9GTZ-TW SOSEST 9383S OOTON UT S3IUYDBTI I83@MPUNOID *(*3uod) z-vT I91qelL




Vs

m 3y IV ONIONNOYYNS
ONY F£asl2-TIN ONY 89612

2337377 31VLS NI S1HOW

MILVMONNOYD 30 SNOILYIOT ‘€-bl 3YNoIL

114 OF dwar¥ivr YA INDD

- '
' et e — : | ——_ P LS
, : T -~ T P 1 wrt
p— iz o - - TIowwTT - |— o e
oS
T R
1 — gt
=.. Nt

J Te o o ey
2, =SS s !
g /4 LA N
s S/ \. . -
3 { § A N
H
st S0 - B
- s v -

,/? ,,.m... , 18S1-S6 o7 " £ £851-€6 7
'

«q.\\WL.\ . N
2 16166 emmmmn :
2 ...”‘C il ,.,,,H X //J W, ._Mw.mm_ nmuu... . .mmw_-mm.w ;!
== -\ #Vw (A5 Lessc® 4 ./ o CEO736
\U ) \\w. M /..'q. . : AN =T N ... ) ..../. 2\ ///ﬂ I _mhﬂ_lﬁm o ® 1-01-C6
7 = 3 (({{ | eLsres e - ®gsg-g6l
NI

-

ogsl-s6 g .. < .
L —r"® ’

o P,

g
N
r
32}
- .
..M
2]
et e

' 9ggl-E6 ®. Ji

gsl-ec @ - W LSO
mmm_ mmP...i g-ot- «.mi:n.:. 4

“
, -

' By

‘

j -

i

! -

. X N

1 : =

. .- -

: T ————

) IR
0o Tl

5 ! L Al FESRY

X I T
-

= o T e —

/|

e _.v.bt..
N Z—1H asvall)
35¢4

. Z,///,r\\ \\ g
— \.-/|\\~ // _

T

et/
\ cra_ nm\\

. \...
e .\\l\fl\.wl/lg/lﬁlr— ,._..

o e S et =

S e ST,

pan=O b X el

14-21




A slug test performed in MW-1 in Crandall Canyon (Figure 7-4) revealed a
hydraulic conductivity of 0.1 foot per day for the Star Point Sandstone (section
7.1.2.2). This value translates to a transmissivity of 4.5 square feet per day,

similar to those reported by Lines (1985) at Trail Mountain.

A map of the potentiometric surface of the Blackhawk-Star Point aquifer in
Crandall Canyon appears in Figure 14-4. The horizontal hydraulic gradient is
0.12 foot per foot. This mapped area of the potentiometric surface underlies the
steep south-facing slope of Crandall Canyon (compare with Figure 14-3). Hence,
this horizontal hydraulic gradient can be regarded as high for the Crandall
Canyon area as a whole. Due to the topographic elevation of the Hiawatha Coal
Seam in Leases ML-21568 and ML-21569 the mine workings will be in the saturated
portion of the Blackhawk-Star Point aquifer (compare Figures 1l4-4 and 14-5). As

a result, groundwater inflow at the Crandall Canyon Mine is expected.

Estimates of groundwater inflow into the Crandall Canyon mine are based on
modeling results of Lines (1985) obtained from study of the identical regional
Blackhawk-Star Point aquifer system at Trail Mountain. Lines used a finite-
dimensional computer model developed‘by McDonald and Harbaugh (1984) to obtain
order-of-magnitude estimates of potential mine inflow resulting from mine

dewatering.

Mine inflow rates in leases ML-21568 and ML-21569 are estimated using
Figure 14-6. The graph appearing in Figure 14-6 uses hydraulic conductivities
of 0.01 and 0.02 foot per day for the Blackhawk and Star Point Formationms,
respectively. To evaluate the accuracy of these curves in predicting inflow into
the above mentioned leases, the amount of water currently entering the present
mine workings in areas below the potentiometric surface of the regional
Blackhawk-Star Point aquifer were compared to that predicted in Figure 14-6. The
area presently beneath the potentiometric surface is about 3000 feet in length
and 1500 feet in width (compare Figures 14-4 and 14-5). The family of curves
(Figure 14-6) with a horizontal hydraulic gradient (I) of 0.098 were used, since
this hydraulic gradient value agrees closely with that measured at Crandall
Canyon (I = 0.12). The predicted inflow of 0.33 cfs (148 gpm) is above the

present-day observed inflow of 100 gpm. As a result, predictions of mine inflow
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WORKINGS. EarthFax

14-25




rates to be experienced in Leases ML-21568 and ML-21569 obtained from Figure 14-6

can be regarded as high limits.

Lease ML-21568 has a total mine width and length of 5400 and 7400 feet,
respectively (Plate 14-1). The proposed mine area within lease ML-21569 has a
total width of 4880 feet and length of 5160 feet (Plate 14-1). The curve
corresponding to a mine width of 5000 feet in Figure 14-6 is used in estimating
inflow for both leases. Estimated inflow into Lease ML-21568 is 0.81 cfs (364
gpm) ; inflow into Lease ML-21569 is estimated to be 0.67 cfs (300 gpm) (Figure 14-
6). Since these estimates are for fully-developed mine areas, inflows to be
experienced during mining operations are expected to be lower, and progressively
increase during development of the mine workings. The emplacement of the
majority of the mine inflows are anticipated to be encountered in gob sections

near the working face of the mine.

As previously mentioned, present mine inflow is considerably less than that
predicted. Negligible mine inflow in the Right-of-Way and Lease ML-21569
indicate the potentiometric surface may lie below the Hiawatha Coal bed. This
observation is contradictory to the potentiometric surface elevation projected
into the State Leases from monitoring well data collected in Leases U0-54762 and
SL-162648. To more accurately predict mine inflow rates, and effects on the
regional Blackhawk-Star Point aquifer two in-mine groundwater monitoring wells
will be drilled in State Lease ML-21569. These wells will enable more accurate
determination of the potentiometric surface, hydraulic gradient, and projected
mine inflow rates in the state leases. The effects of mining on groundwater will

be revaluated and Chapter 14 modified.

14.5.1.5 Mitigation and Control Plan. Based on information
presented in the preceding section, only minimal impacts on groundwater resources

in the vicinity of Leases ML-21568 and ML-21569 may result.

Should it be necessary to develop alternate water supplies due to
unexpected diminution or interruption of flows as a direct result of mining
activities, the applicant will contact the Utah Division of Wildlife Resources

and develop plans to replace water supplies in quantity and quality, on a case-
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by-case basis. This would be augmented with water currently owned by Genwal
Company, and would be a 1 to 1 replacement through wells and diverting

underground flows and or other mitigation as to discusions with UDWR.

Currently, treatment of mine water prior to discharge into Crandall Creek
includes use of one underground sump (Section 7.2.3.2). Discharge to Crandall
Creek has occurred only 3 times in the last 5 years (NPDES Permit - Appendix 3-
8).

Current mine inflow totals approximately 100 gpm. An underground water
budget (January 15, 1991) appears in Appendix 14-12. Current (1990) use of mine
inflow is 7.6 gpm. Projected use of mine inflow in State Leases ML-21568 and ML-
21569 is 7.9 gpm. The quantity of mine inflow that is lost to evaporation and
infiltration are estimates based on experience at other mines, and the infrequent
need to discharge into Crandall Creek. The quantity of mine inflow that will

exit the mine via evaporation is likely greater than the present value.

Although worst-case estimates of mine inflow in the state leases are
greater than the present inflow rate, the actual inflow rate to be encountered
is unknown. In order to effectively treat mine inflow an additional sump and
pump house will be built in the southeastern corner of Lease ML-21569 (Appendix
14-13). This new sump will be equipped with a Worthington pump capable of
pumping 150 gpm at 400 psi. This proposed sump will serve as the primary
treatment facility for mine inflow, as well as the active water supply for mining
operations. The existing sump will be maintained as a secondary water treatment
facility. If discharge is required, water to be discharged will be initially
treated in the proposed sump in Lease ML-21569, then pumped to the secondary

(presently existing) sump, prior to discharge into Crandall Creek.

In the event mine inflow rates exceed the capacity of these treatment
facilities to treat the mine inflow to meet the discharge limit criteria outlined
in the NPDES Permit, Genwal commits to modifying these treatment facilities
and/or constructing additional facilities in order to ensure compliance with the
NPDES Permit. Treatment facilities to be considered include enlargement and/or
construction of additional underground sumps and/or surface settling ponds. If

excessive water volumes are encountered the use of flocculants and gel-logs will
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be considered as stopgap measures until more permanent treatment facilities are

in-place.

14.5.1.6 Groundwater Monitoring Plan. Groundwater monitoring for
Leases ML-21568 and ML-21569 and the surrounding area will include collection of
water quality and quantity data from spring SP 2-24 (water right 93-1406) and SP
2-9 (water right 93-1404)(Figure 14-3). These water sources were chosen since
water rights have been filed for these springs with the U.S. Forest Service
(Table 14-2), and they fall within the maximum limit of possible subsidence
(Section 14.6.2.1). Samples will be preserved and analyzed according to
procedures outlined in Section 7.1.6. Appendix 13-6 contains an example of the

water sampling field report forms to be used.

Quarterly inventories identifying the location and geologic occurrence of
mine inflows that exceed three gallons per minute will be conducted. Specific
inflows will be selected for continued monitoring in consultation with the UDOGM.
Inflow samples will be collected quarterly and analyzed according to Table 7-4.
Samples collected during the low-flow period (normally the 4th quarter) will be
analyzed according to Table 7-5 when initially encountered, in the years 1995,
2000, 2005, and at 5-year intervals thereafter during the operational period of
the mine. This schedule was chosen to maintain sampling consistency with the

inflow points presently being monitored (Section 7.1.6).

14.5.2 Surface water Hydrology.

14.5.2.1 Methodology and Existing Surface Water Resources.

Detailed discussions of the methodology of investigation, and existing

surface water resources are found in Sections 7.2.1 and 7.2.2 respectively.
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14.5.2.2 Surface Water Development and Control.

14.5.2.2.1 Water Supply. Table 14-3 contains a listing of
surface water rights in the plan area as well as areas adjacent to Leases ML-
21568 and ML-21569. This data was obtained from the files of the Utah Division
of Water Rights in June 1990. More in-depth data pertaining to these water
rights is found in Appendix 14-11. Locations of these surface water rights are

denoted in Figure 14-7.

All surface rights are held by the U.S. Forest Service or the State of Utah
Division of State Lands and Forestry for stockwatering purposes. However, during
the seep and spring surveys (June 1985, October 1985, July 1987, October 1987,
October 1989, June 1990) no signs of stock usage of these surface water rights

were observed. Although the rights exist, usage is apparently curtailed.

14.5.2.2.2 Runoff- and Sediment-Control Facilities. A
detailed discussion of runoff- and sediment-control facilities consisting of:
sedimentation pond and dam, primary and emergency spillways (riprap, bed
material, and filter blanket), and boulder-covered slope is found in Section

7.2.3.2 (see also Appendices 7-4, 7-5, 7-6, and 7-7).

14.5.2.3 Effects of Mining on Surface Water. Runoff- and sediment-
control facilities discussed in Section 7.2.3.2 were designed to safely and
effectively convey and control runoff from the specified storm events. As a

result, sediment yields in the permit area will be minimized.

No retreat mining will be conducted within the stream channel buffer zones
of both the south and north forks of Crandall Creek, Blind Creek, and the south
fork of Horse Creek until Genwal has shown what reaches of these streams of
perennial, and that these reaches will not be adversely effected by mining

activity (Plate 14-1).

14.5.2.4 Mitigation and Control Plans. The forenamed runoff- and
sediment control facilities, designed to protect and mitigate potential impacts

to the surface hydrologic balance of the area, will be subject to quarterly
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inspections to ensure continual effective operation. Necessary repairs will be
conducted immediately. An example of a typical inspection form to be used is

found in Appendix 13-6.

Should it be mnecessary to develop alternate water supplies due to
unexpected diminution or interruption of flows as a direct result of mining
activities, the applicant will contact the Utah Division of Wildlife Resources
and develop plans to replace water supplies in quality and quantity on a case-by-
case basis. The methodology under consideration and currently in use in other
areas are: guzzlers, catch basions, wells and diverting underground mine flow to

impacted areas.

. .14.5.2.5 Surface Water Monitoring Plan. A 12-inch parshall flume
has been installed at the mouth of Blind Creek (Appendix 14-14, Figure 14-13) to
monitor water-levels. This flume is equipped with a Stevens Type-F water-level
recorder to allow collection of continuous stream discharge data. Charts will
be changed and the flume inspected monthly. Calculations of return-period/peak-

flow estimates appear in Appendix 14-14.

Stream flow observations made during drilling operations as well as seep
and spring surveys suggest that large portions of the south fork of Horse Creek,
Blind Creek, and both the north and south forks of Crandall Creek have only
ephemeral and intermittent flows within State Leases ML-21569 and ML-21569.
Figure 14-7 and Plate 3-3A show the points of transition between pierrenial and

intermittent flow.

Stream channel monitoring stations have been established along both the
north and south forks of Crandall Creek, Blind Creek, and the south branch of
Horse Creek to determine what stream reaches exhibit perennial flow (Plate 14-5).
Stream flow and water temperature will be measured twice monthly from May through
July, and monthly during the remainder of 1991 when the area is accessible.
Stream monitoring results are found in Table 14-4. Stream monitoring will cease
at the end of 1991, and a determination of what stream reaches exhibit perennial

flow will be made.
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STREAM FLOW AND TEMPERATURE MEASUREMENTS 1991

T APR15 | __MAY28 _ JUN12-13 | JUL1-3 | JUL14-16 |
‘ FLOW  TEMP FLOW ' TEMP FLOW ' TEMP, FLOW : TEMP FLOW TEMP
STATION _ '(gpm) | (C) | (gpm)  (C) ! (gpm) ! (C) ! (gpm)! (C) | (gpm) | (C)
CRANDALL CREEK | | i
CN-1 ™88 | 2 | 754 6 1997 | 6 | 47 | 14 | 592 | 11
CN=2 () | (s) Il 6738 | 6 12370 | 4 | 47 | 15 || 250 | 11
CN-3 (s) (s) (s) | (s) 12985 | 4 - - - -
CN—4 (s) | (s) | (s) [ (s) 11683 | 4 - - 1167 | 11
CN-5 (s) | (s) | (s) ! (s) ji 422 | 4 15 | 14 19 9
CN-6 s) | (8| (5 | (s) [ 148 | 4 1 15 | 14 | 85 | 10
CN-7 s) | (s) I (s) [ (s) || 447 | 4 2 16 8 9
CS-1 241 | 2 | 467 | 5 3357 | 4 |/ 3590 | 10 || 1037 | 7
CS-2 (s) | (s) || 337 | 5 [ 2100 4 |/ 1234 [ 12 || 215 | 6
CS-3 (s) | (s) | 930 | 5 [ 1961 | 4 | 185 | 7 | 262 | &
CS-4 (s) | (s) IDRY | — /1010 [ 3 | 202 | 10 | DRY | -
CS-5 (s) | (s) |l (s) [ (s) | 1041 3 1 195 | 10 || 34 | 8
CS—6 sy | (s) | (s) [ (s) | 505 | 2 5 20 | DRY | -
CS-7 s) | (s) | (s) [ (s) || 107 | 1 1 13 || DRY | —
CF-1 300 | 4 | 1400 6 | 3200 | 6 | 1200 | 12 | 1647 | 12
CF-2 300 | 4 || 1400 6 | 3200 | 6 | 1200 | 12 | 1378 | 12

BLIND CYN. CREEK

B—1 ) | (5) || 673 | 7 | 1260 | 7 | 1005 | 16 | 399 | 18

B—2 ) 1 (s | 673 | 7 | 1795 7 | = | = | = | =

. B—3 () | (s) | 609 | 6 | 1000 | 7 | 447 | 12 | 281 | 18
B—4 () | (s) | 448 | 6 | 1120 | 7 | 207 | 15 | 247 | 16

B—5 5) 1 (s) | (5 | (s) 1120 6 | 419 | 16 | 228 | 19

B=6 ) [ () I () | (s) [ 673 | 4 | 495 [ 15 | — | -

B—7 ) | (5) | () | (s) | 337 | 4 | 600 | 15 | 117 | 16
B—8 ) | () | () | (s) | 107 | 4 | 280 | 13 | 1 | 320

BF (s) | (s) | 670 | 7 | 1000 | 7 | 218 | 18 | 220 | 16

HORSE CREEK

H=1 ) | () 2513 | 7 | 705 | 6 | 265 | 19 | 201 | 14

H-2 (5) | (s) | 1997 | 7 | 2000 | 6 | 396 | 18 | 311 | 17

H=3 235 | 1 | 1387 | 7 | 2890 | 7 | 300 | 17 | 250 | 13

HN=1 ) | (5 | 590 | 7 | 6738 | 4 | - | - | 3 [10

HS—1 () | (s) | 758 | 7 | 1293 | 3 | - | — | 20 | 14

HS—2 ) | (s) | 785 | 7 | 15151 3 | - | = | 31 | 14

HS—3 ) | (s) | 978 | 7 | 1680 | 4 | - | — | 100 | 14

HS—4 (s) | () | 780 | 7 | 2423 | 6 | 496 | 18 | 167 | 14

HS=5 (s) | (s) || 747 | 7 | 2356 | 6 | 319 | 17 | 131 | 14

i HS=0 ) | (5) | () | (s) | 1185 2 | 97 | 14 | 50 | 14
1 HS=20 ) | () | () | (s) | 2015 | 2 | 186 | 16 | 150 | 13
‘ HS=30 ) | () I () | (s) 1777 | 1 | 80 | 13 | 71 | 13
HS—40 ) | (8) I (s) | (s) | 1777 | 1 | 65 | 12 | 10 | 13

(s)

—
"4
o

56 12 6 13

[

(s)

‘ HS-50 (s) (s) (s)
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STREAM FLOW AND TEMPERATURE MEASUREMENTS 1991

_AUGY
FLOW T

€)

“AUG?20-21 SEP5-6 SEP25-26 _ OCT10 _

B FLOW TEMP FLOW TEMP FLOW TEMP FLOW TEMP

J __ STATION (gpm) (gpm)__(C) _(gpm) (C) (gpm) (C) (gpm) (C) .
 CRANDALL CREEK ; | | i i i
i CN-1 7200 . 11 : 103 | 12 337 10 i 19 8 | 25 7 |
CN=2 112 . 10 | 84 . 12 | 154 9 25 7 11 6
CN-3 45 | 12 | 16 15 | 309 | 9 19 5 10 4
CN-4 . 58 | 12 | 55 . 13 i 238 | 9 15 6 56 | 5
CN-5 | 02 1 12 3 | 9 ¥ 10 | 9 'DRY | - |IDRY | -
CN-6 i 16 | 9 IDRY | - i 66 8 | DRY | — | DRY | -
CN-7 [ 02 | 12 | DRY | — I 25 9 . DRY | - {DRY | -
CS-1 i 337 | 8 | 300 | 8 (583 1 6 || 210 1 5 | 105 | 7
CS-2 v 135 | 8 140 | 7 i 95 6 13 7 1.6 8
CS-3 i 140 | 6 100 | 7 | 75 | 5 19 | 6 37 5
CS-4 "DRY | - | DRY | - /DRY | — I DRY 6 - (DRY]| -
CS-5 14 T 10 6 9 17 7 27 7 30 5
CS—6  |DRY| - |[DRY | - | DRY | - iDRY | - I DRY | -
CS-7 DRY | - ||DRY | — I DRY | - | DRY | — I'DRY | -
CF-1 956 | 13 | 620 | 12 [[1054 [ 7 | 406 | 7 | 619 | 8
CF-2 11328 1 13 | 620 | 12 1 1054 | 7 406 | 6 619 | 8
BLIND CYN. CREEK,; |
B-—1 100 | - 56 | 13 || 65 11 44 8 30 4
B-2 - — 56 | 12 | 45 11 25 9 31 8
B-3 42 - 18 | 12 | 14 11 ) 33 7 17 4
B-4 44 | - 28 111 1.7 | 11 2 7 6 6
B-5 1104 | - 5 14 1025 | 11 ]| 23 | 12 — ~
B-6 I - 8 12 025 [ 13 | - - |1 03 ] 18
B-7 - - 2 12 2 13 | 0.8 8 0.5 | 12
B-8 - - 4 18 | 56 | 16 | 0.7 | 16 || 0.6 | 12
BF 229 | — | 146 [ 14 | 73 111 146 1 8 1 109 | 5
HORSE CREEK
H-1 50 | 17 | 28 [ 14 | 14 [ 14 | 28 7 50 7
H-2 21 17 - - 12 [ 14 | 28 8 22 7
H-3 42 | 18 | 42 [ 15| 12 [ 14 | 42 | 10 | 35 7
HN-1 DRY | — | DRY | — IDRY | — |DRY | - | DRY | -
HS-1 35 | 18 5 13 6 14 6 6 56 | 6
HS-2 13 [ 17 6 13 | 12 | 14 9 6 19 4
HS-3 187 | 16 17 | 13 8 14 13 6 9 5
HS-4 21 17 || 25 | 15 8 15 || 23 6 - -
HS-5 21 17 16 | 14 | 6 14 | 33 6 72 7
HS-0 15 | 19 5 16 | 1.5 | 15 || 2.3 6 15 | 5
HS-20 05 | 21|l 02 | 16 | 07 | 18 2 8 1 6
HS-30 10 | 18 | 05 [ 15 | 05 | 16 | 0.2 7 1.5 5
HS-40 i 02 | 18 | DRY | - IDRY | — || 015 | 8 | DRY | -
HS-50 [(DRY | - |[DRY | - IDRY | - |IDRY | - |IDRY | -
14-35 Revised 4/8/92




STREAM FLOW AND TEMPERATURE MEASUREMENTS 1991

. NOVE-13 |

'FLOW  TEMP

® siov  @m oo

CRANDALL CREEK |
CN-1 112 | 5
CN-2 112 | 1
CN-=-3 75 2
CN-4 19 1
CN-5 12 2
CN-6 0.5 1
CN-7 DRY -
CS—1 337 S
CS-2 150 5
CS-3 93 4
CS-4 DRY -
CS-5 2 1
Cs-6 DRY -
CS-7 DRY -
CF-1 FRZN | -
CF-2 FRZN | -
BLIND CYN. CREEK
B-1 168 4
B-2 125 4
B-3 40 4
B-4 18.7 3
B-5 62 3
B-6 - -
B-7 15.6 2
B-8 15.6 2
BF FRZN | -
HORSE CREEK
H-1 701 2
H-2 96 2
H-3 344 1
HN-1 DRY | -
HS-1 37 4
HS-2 93 4
HS-3 84 4
HS-4 84 4
HS-5 122 2
HS-0 112 4
HS-20 9.3 5
HS-30 DRY -
HS—-40 DRY | -
HS-50 DRY | -
(S) Inaccessible due to snow lining stream and/or covering stream.

. (—) No data.
(FRZN)

Flume frozen.

* Heavy rains fell during Sept 5—6 and July 14~ 16 surveys. Snow covering and lining the stream was melting during Nov. 6-13 survey
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Samples to be analyzed for water quality will be collected quarterly from the
flume site. Samples will be analyzed according to the list contained in Table
7-8. In the years 1990, 1995, 2000, and at 5-year intervals thereafter until the
bond is released, samples collected during the low-flow period of the year
(normally 4th quarter) will be analyzed according to Table 7-9. Samples will be
analyzed for total and dissolved constituents according to the above referenced
lists. Further details of the surface water monitoring plan are discussed in

Section 7.2.6.
14.6 Geotechnical

14.6.1 Underground Mine Design. An underground mine design has been
developed and appears in Plate 14-1. Mined areas within both leases are bordered
by barrier pillarxs a minimum of 100 feet wide. Typical entry-ways are 20 feet
wide. Typical pillars are 55 feet wide and 100 feet long, with 75 by 120 foot
centers. Five entries comprising "west mains" have been designed as a westward
extension of the right-of-way into lease ML-21569. Four entries comprise a
north-south submain running along the eastern border of lease ML-21569. Five
entries comprise an east-west submain along the northern edge of lease ML-21569.
Mains and submains will be first mined only. Eight panels have been designed in
lease ML-21569. A barrier pillar 100 feet wide runs along the western edge of

the lease. Pillar height in lease ML-21569 varies from five to ten feet.

Lease ML-21568 is to be accessed via five entries which extend southward
from West Mains along the eastern edge of the lease. Five entries, running east-
west along the northern and southern lease boundaries extend to within 100 feet
of the western edge of lease ML-21568, and access 12 panels. Mains and submains
will be first mined only. Pillar height is eight feet. A barrier pillar 100

feet wide exists along the western lease boundary.
14.6.1.1 Coal Pillar Design.
An isopach map of the Hiawatha Coal Seam overburden appears in Figure 14-8.

Overburden thickness above the area to be mined in Lease ML-21568 ranges from 750

to 2200 feet. The area to be mined in Lease ML-21569 has overburden thicknesses

14-36 Revised 04/09/92
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of 600 to 2100 feet. Coal pillar height is 8 feet in Lease ML-21568, and ranges
from 5 to 10 feet in Lease ML-21569. An average uniaxial compressive strength
of 1821 psi (geomechanical tests, Appendix 14-15) were used in the pillar safety

factor calculations.

Methods used to evaluate safety factors of the pillar design are discussed
in Sections 12.3.1 and 12.3.2, as well as in Appendix 12-1. A minimum acceptable
safety factor for main entries and rooms are 1.5 and 1.3, respectively (Appendix
12-1). Calculations of pillar safety factors are found in Appendix 14-16. 1In
Lease ML-21568 pillar safety factors for rooms and main entries range from 1.37
to 1.96 and 1.39 to 2.45, respectively. Pillar safety factors for rooms and main
entryways in Lease ML-21569 range from 1.47 to 2.45 and 1.78 to 4.37,
respectively. As the ratio of pillar length to height approaches 12, pillars are
regarded as being able to bear any load (Section 12.3.2). The pillar length to
height ratio in Lease ML-21568 is 17.5, and in Lease ML-21569 ranges from 17.5
to 23.3, all well above the value of 12; thus the pillars should be able to bear
any load.

14.6.1.2 Roof Span Desigh. Accepted practice in the Wasatch Plateau
is to use 20-foot entry and crosscut widths. Previous experience in the Crandall
Canyon and nearby mines have supported this roof span width. Roof span in Leases
ML-21568 and ML-21569 is 20 feet in entries and crosscuts. Roof support bolting

will consist of a minimum 4 foot resin pins with 5 foot centers.

14.6.2 Subsidence Effects of Mining.

14.6.2.1 Projected Subsidence Effects.

In order to delineate the maximum limit of possible subsidence in the
vicinity of Leases ML-21568 and ML-21569, a positive limit (draw) angle of 21°
from vertical (69° from horizontal) from the lease boundaries was used. A
correction for topographic variability was made in order to accurately determine
the maximum surface limit of subsidence. The maximum surface limit of possible
subsidence is shown in Figure 14-9. A discussion of the methodology used in

determining the maximum limit of subsidence is given in Appendix 14-17. And in
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the TerraTek report found in appendix 14-9. Draw angles of 15° or less have been
observed in moderately strong overburdens in the Book Cliffs and Summerset mining

areas of Utah and Colorado, respectively (section 7.1.4).

Maximum subsidence magnitudes that may occur appear in Figure 14-9. The
method used in calculating subsidence magnitude is discussed in sections 12.4.1
and 12.4.2, pertinent graphs appear in Appendices 12-3 and 12-4. The maximum
amount of possible subsidence is only 3.5 feet, and occurs in the central
portions of Lease ML-21568. This 3.5 feet subsidence is worst case and will
probably be in the order of 3 to 4 inches according to TerraTek. Subsidence
values were calculated by reducing coal thicknesses shown in Plate 3-3 by 50%
which represents the unrecoverable coal in the pillared areas. These Qalues were
multiplied by 70% to obtain the maximum amount, i.e. worse-case scenario, of
subsidence possible (Appendix 12-3). The subsidence values were further reduced
in areas bordering the barrier pillar along the perimeter of the leases according
to Appendix 12-4. A one foot contour interval was used to map the majority of
this subsidence data. A 3.5 foot contour was added to delineate that area where

the maximum possible amount of subsidence may occur.
Figures 14-09 and 14-10 shows the extend of worst case maximum subsidence.

Those seeps and springs that lie within the maximum limit of surface
subsidence are delineated on Figure 14-10. Seeps and springs within the
subsidence limit emit water from the North Horn and Price River Formations 1000
to 2100 feet (100 to 210 times the coal bed thickness) above the interval to be
mined. If repeated subsidence via roof failure occurs, elastic deflation is
believed to occur at a distance of nine coal seam thicknesses (90 feet) above the
coal (see Section 12.4.2). 1If any tension cracks do develop, they should be
sealed by clay migration occurring during elastic deformation. As a result,
these seeps and springs should not be affected by subsidence, however monitoring

will be conducted as described in section 14.5.1.6.
14.6.2.2 Subsidence Control and Mitigation Methods.

Examinations of federal, state, and county records, as well as the surface

revealed there are no man-made structures, utilities right-of-ways, public or
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private resources necessitating protection from subsidence. Material damage or

diminution of value or foreseeable use of lands should not occur.

Genwal recognizes that the Division of Wildlife Resources, the Division of
0il, Gas and Mining, and the United States Forest Service consider all seeps and
springs to be important to wildlife. No subsidence mining will take place within
the stream channel buffer zones (Plate 3-3) until Genwal has delineated those
reaches which exhibit perennial flow, and shown that mining activity will not

adversely effect these stream reaches.

Should any seeps and springs become adversely affected, flow decrease by
50% or more due to mining, Genwal will notify the appropriate agencies and begin

developing an acceptable mitigation plan.

In the event subsidence negatively impacts grazing, the operator will
compensate the owner or appropriate the party by paying the fair market value for
the loss experienced. Compensation will be made after the grazing loss is proven

to have resulted from surface subsidence.

14.6.2.3 Subsidence Monitoring Plan. An aerial (photogrammetric)
subsidence monitoring plan has been designed, and is currently being conducted.
This method of monitoring subsidence has been implemented in neighboring mines,
and meets UDOGM approval. Baseline flight lines were flown over Sections 31 and
32 of T15S-R7E, Sections 5 and 6 of T16S-R7E, Sections 1 and 2 of T16S-R6E, and
Sections 35 and 36 of T155-R6E in October 1989. Pin locations have been surveyed
and a pin map generated. Aerial surveys will be conducted each year Leases ML-
21568 and ML-21569 are in operation.
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o RARITAFAA LNOoLiNeTRLAND, LN URliLLInND LUDG ”//fo G PAGE L OF 4

Project Nams  CRANDALL CANYON MINE Boring/Hell Number IMOH-1 HAIN WEST, CROSSCUT *91
Owner/Client GENUALL CCAL COMPANY Boring/Hel!l Location. 413 415 7°N 2,084 183 O'E
Project Numpber LC-27 Reference £levation 8158 8° ANSL (Oriiled upl
Somple Method CRE References Point MINE CEILING
Dote Orevlied 13 UAN 1992 Ori1iing Contractor: BOYLES
Logged By BxB Oriy1ling Method ROTARY Rig Type: DIAMEC 260
Firet occurrencs of G W 30-36 5' Stotic H L -~ Boring Depth (Ft). 1S1* UP Hali Oepth (Ft): ==
Dotes Meosured 14 JAN 1992 -- Boring Diometer (1n): 3.992"
FORMATION lAGE] = LITHOLOGIC DESCRIPTION WELL COMPLETION
x
[ AND OBSERVATIONS DETAILS
o 1L0G CONTINGCO ON FOLLLOWING PAGE)
4 S - 543 SILISIONE Lignt ond dork grey, lomince <O 1 = O 1-,
corbonaceous frageents, very Fine-grained sandetone
lenses present, Ow porosity, moderate MCI reoction,
filled gouge Froctures
S
40 6 - 41 3° SHALE. Light grey, corbonaocecus-rich
T~ 37 - 40 6 coau Black vitrsoue lueter, biocky
Cott Coal
36 5 - 37 S5° SILISIONE DOork to light grey. shaiey, no porce:ty,
no HC! reaction
34 2 - 36 S° SANOSTONE Light grey, silty. low poroeity, etrong
B HCI reaction Dbroturbaoted zlr‘ch.d oquifer

31 8~ 34 2° SILISIONE Oork grey, clay-rich

30 - 31 8° SANOSTONE  Light grey, very fine-groined, low porosity,
moderate HCI ‘rsoction 10ad structures Clay minerois
and uorhanCCOu. soteriol along beading piones Perched

0 aquster
249 8 - 30° SILTSTONE Light to dark grey, caorbonoceous=-rich,
€loy minerole present, {ow porosity moderate HCI

reoction

|_—3.992" Drill hole

BLACKHALK UK
FORMATION 5 _-1
249 S - 249 8° COAL Block vitreous

23 8 -~ 24 5° SANDSTONE Very fine~groined, carbonaceous saterial,
low porosity Jow HCi reoction

22 - 23 8 SILTY SANDSTONE fine-grained low poros:ty, moderote
HCl recction Cloy clong bedding pianes

11 2 - 22 SANOY SILTSTONE Oork to 1ight grev, sandstone 1e
very fine-groined, Icminoce <J 1 to O 1* tnick, no Cement
porosity, no nCl reoction pu——

105 - 11 2° coa. 8lock, vitreous, resinous

10 - 10 5 SILTY SHALE Dork grey, corbonoceous-rich, coal |enses
up to 1/8" thick

S - 10° SHALEY SILTSTONE Sond leneses present 1n sinor cacunts,
corbonaccous fragments, lom porosity, airld HC! recction

16 -5 SILTY SHALE Grey Yo light grey
45 -4% SHALE 8lack, corbonoceous-rich, lominoe <O 1°
3S-495% SHALEY SILISTONE Oork grey. low porosity, no HC1 run
30-35 SANDSTONE  Light grey. Fine to very fine-groined losw - St
porostty, no HCI reoction —"'"3-4 oce Cassng
15%-13 SILISTONE  Light grey, cortonaceous-rich, 1o
porosity, no M.l recction
Hiootha Cogl 0-185 COAL Block, vitreoue reeinoue, blocky

BQ0F of ninp




EARTHFAX ENGINEERING, INC.

DRILLING LOG

PAGE 2 OF 4

Project Nome: CRANOALL CANYON HMINE Boring/Uel | Number IMOH-1 MAIN WEST, CROSSCUT *91
Owrner/Client GENWNALL COAL COMPANY Boring/Hel! Locotion 413 415 7'N 2 084 18] 0'E
Project Number: UC-27 Reference Elevation: 8158 8° AMSL (Orilled up)
Somple Method-  CORE Reference Point:  NINE CEILING
Dote Orilied: 13 JAN 1992 Or1tling Controctor- BOYLES
gged By BKB Ori1lling Method ROTARY Rig Type  QIAMEC 260
ret occurrence of G 4. . 30-36 5° Stotic W.L.: -- Boring Depth (ft) 151° uP Usl| Depth (Ft): ==
Dotes Meosured: 14 JUAN 1992 - Boring Diometer (in} 3 992~
8
: —
FORMATION [AGE : 3 LITHOLOGIC OESCRIPTION HELL COMPLETION
gl & AND OBSERVATIONS DETAILS
10— TCONTINGED ON FOLLOWING PAGE)
98 7 - 9 oL Block, boney
bttt - o - 98 7° SILTSTONE  Shaley. corbonoceous-rich
9% ¢ - 98" coAL Block, vitreous tuster, resiInous
91 8 - % 8° SILISTONE Interdbedded block shale (up to O 3° thick!
ond light ton sondy i itstone, 10w poros:ty,
%5 etrong MCI recction
Vertical Frocture from 92 -~ 93 S*
8lind .
Canyon C 88 8 - 31 8° COAL Biock, vitreous tuster, resinous
Caol 0
|
l“““l{l{ulml 86.7 - 88 8" SILTSTONE: Light grey, lomince <0 1 - 0 1~
}
84 -86 17 COAL Block, vitreous luster, resinous
-]
- 74.9 - 84 SANOSTONE Light grey, very f -groined, .
..... bedding, lom p:groi?ty,y n;dorm.m:c?rr-'o:hn:ovy /3.992" Orill note
0 —
.‘
BLACKHANK ux 4
FORMATION 5 - T~—Ceonent
74 S - 74 9° COAL Btack
73.5 - 79 S° SANOSTONE Light grey, w~ovy lomination, 10w poros:sty,
moderote HC1 reoction
mm‘um 22 -138% SILTSTONE Corbonocecus-rich, a'ity coal seame up
£+ to 2° thick
- 69.5 - 12° SANDSTONE  Light grey, very Fine-grained. wavy
bedding moderote poros)ty. strong HCI reoction
n -
] 67 5 - 69 5° SANDSTONE  Siity, very Fine-groined, cloy
~ minerals olong bedding plones
] S - 67 §° SANOSTONE Light grey. silty, very fine-grained,
~ clay minerols along bedding piones
61.3 - 85° SANDY SILTSTONE Light grey, claoy ond corbonocecus
moteral obundant along bedding planee,
bioturbated
60 8 ~ 61 3° SHALEY SILISTONC Mediua grey, GDUNCONT corbonoceous
motertal and cool saome up to 1/47 thick, no poro-
e1ty, no HCI recction 1/4° cootl seom ot 61 g
S5 9 - 60 8° SILISIONE Sonoy, lignt grey, corbonoceous ond
cloy minerols olong bedd:ng plones
S4 9 ~ SS 9° SANOSTONE Light grey, very Fine-grotred,
corbonaceous materi10o! ond clay minerols along bedding
piones, |low poraos:ty, moderate HC! reaction
54 3 - 599 CoaL flock, vitreous




EARTHFAX ENGINEERING, INC. BRILLING LOG PAGE 3 OF 4

Project Nome: CRANCALL CANYON MINE Boring/Hel! Number  IMOH-1 MAIN WEST, CROSSCUT *91
Owner/Client: GENWALL COAL CCHMPANY Boring/Hell Locotion 413 41S T'N 2,084 183 Q0't
| Project Number: UC-Z7 Reference Elevation: 8158 8° AMSL (Drilled up)
Somple Method'  CCRE Reference Point: MINE CEILING
Oote Orilled: 13 JAN 1932 Ori1lling Controctor - BOYLES
gged By: BX8 Or111ing Method ROTARY Rig Type OIANEC 260
iret occurrence of G W.: 30-36.5'Stotic W L.: -~ Boring Oepth (Ft) 151" UP Hell Depth (Ft): =~
Ootes Meoswured 14 JAN 1992 - Boring Diometer (in) 3 992~

8
FORMATION IAGE ‘; 3 LITHOLOGIC OESCRIPTION HELL COMPLETION
g g ANO OBSERVATIONS DETAILS
10
147.3 - 130 3° SILTSTONE  Grey. low poros:ty, soderate HCI recction
Interbedded w:th dork grey shale
Upper Bear i 19 73 -~ 197 )’ COAL Block, boney, s:lty, no porosity, no HC!.
Coal recction

146 - 146 75’ SILTY SHALE Corbonacecus-rich, very low poros:ty,
soderate HCl recction
s 144 - 196" SILTSTONE: Light ey, low poroeity, moderate HCL
reoction Interbedded with dork grey shale

12 8 - 4o SILISIONE Corbonccecus-rich, very low poros:ty,
very weok MC! reoction
1° cool secm ot l4Z 9°

141 - 142 8° SILTY SANOSTONE Very fine-groined, low porosity,
mild HCI reoction

190 138 - 141° SILTSTONE Gork to 1ight grey, low poras:ty,
h moderate HCl reaction Interbeds of dark grey to
block shale ond very fine-grainad sondstone

123.8 - 139° SANOSTONE Light ey, very fine-grained, massive L
to uovy-bcddcd.ghlonrporoau ty, noderg;te HC I reuct'-von /3'992 Oriil hole

. 10 — : ] Cament

BLACKHALX e -4

Naturol verticol frocturse L24 - 127°
FORNATION
125 —
112.9 - 123 S SILISITONE Light ond dork grey, lomince <0 1 - O 2"
thick, low poros:ty, =oderate RC! reoction
Interbeoded with daorw grey ahole Siltatone heas
120~ wp 10 2" thick, shole peds up to | 57 thick
{ .
113

|
112 1 ~ 112 9’ COA.  Bilock, vitreous luster

lmmmllmlu 110 - 112 1° SILISTONE Siftstone ond very fine-groined
sondstone interbedded w«tth cortonoceocus~rich shale

109 $-110 {° COAL. Block, boney, vitrsous luster

109 ~ 109 §° com Block, boney, siitstona ntrociosts

100 - 109" coaL Block, vitreous luster, minor amounts of clay
Beor minerols, resinous
Cools 106 7 - 109° SHALE - Corbonoceous-rich. cool introcioats

105 9 ~ 106 7° COML Block, vitreous luster

103 3 - 103 9° SILISTONE  Shaley, l:ighY grey. very low
porosity, maderote HCl reoction

9% -~ 103 8 SILISTONME  Very Fine-grained, sondy !omince have
corbonocecus ond Gloy minerals, lomince <01 - O 1~
thick

f fFrocture Froe 100 - 101 2°, dipping B0 - 30 degrees

10
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Project Name  CRANDALL CANYON HMINE Boring/Heil Number IMOH-1 HAIN WEST, CROSSCUT *91
Owner/Client GENHALL COAL COMPANY Boring/Hel |l Location: 413, 415 7°N 2 084 183 0°C
Project Number UC-27 Reference Elevotion. B158 8° ANSL (Orilled upl
‘ Somp ie Method CORE Reference Point MINE CEILING
‘ Date Oriiled 13 JAN 1992 Or111ing Controctor  BOYLES
Logged By BXB Ori11ing Nethod ROTARY Rig Type: OIAMEC 260
Firet occurrence of G H 30-36 5° Stavric H L bl Boring Depth (F1t) 151° upP Hell Depth (Ft): -
Octes Meosured 149 UAN 1992 == Boring Diometer {in)- 3 9927
| _| 8
| FORMATION |AGE : § LITHOLOGIC OESCRIPTION UELL COMPLETION
g g AND OBSERVATIONS DETAILS
ot}
15 —
10—
| -
1
| 15—
\ ® .
\ -
10—
185 —
180 —
| -
15—
‘ ‘ - Conent
BLACKHALK i 150 $ - 151° SILTY SAMOSTONE  Very Fine~grorined low porosity,
FORNAT 10 moderote HCiI reoction
v o] o) P Y




